(RECEIVED FOR PUBLICATION JUNE 23, 1960) In a previous paper (Sjostedt, Rooth and Caligara, 1960) we reported on the oxygen tension (PO2) in the blood of the human umbilical cord and the intervillous space of the placenta. It is the purpose of this paper to report on the pH and the carbon dioxide tension (pCO2) in blood from the same sources in order to give a more complete picture of the gas exchange of the foetus and of its acid base balance.
Material and Methods The cord blood was investigated in 222 cases after spontaneous delivery in vertex presentation; 154 of the infants were normal and without any signs of asphyxia before or after delivery; 46 had signs of asphyxia and 33 of these had slow or irregular heart beats during delivery but showed no signs of asphyxia after birth. The other 13 cases had signs of mild asphyxia after birth. In addition, 22 infants had meconium stained amniotic fluid without any other signs of asphyxia.
During labour the mothers were given 'trilene' (trichlorethylene) or nitrous oxide and in some cases a few drops of chloroform at the moment of delivery.
The blood in the intervillous space was investigated in 27 cases, 25 of which were normal and two of which had signs of mild toxaemia. The placenta was punctured through the abdominal wall before labour had started. Only local anaesthesia was used for the puncture and no complications occurred. The technique of the puncture has been described earlier by us (Sjostedt et al., 1960) .
Great care was taken to obtain reliable information about the time of gestation. Any case in which the duration of pregnancy was doubtful was rejected from the series on the effect of gestation time upon the pH, pCO2 or PO2 of the blood.
The PO2 was measured polarographically with the Clark electrode as described by us (Rooth, Sjostedt and Caligara, 1959a) .
The pH was measured with a radiometer type 22 pH meter and an Astrup apparatus. The temperature was kept at 37.0°C.
The pCO2 was measured by the Astrup method (1956) .
The principle is that the pH of the whole blood is first measured anaerobically. After centrifugation, the plasma is equilibrated with a gas of known pCO2 (close to 40 mm. Hg) and the pH is again measured. The pCO2 of the whole blood is then read off from the nomogram of Astrup (1956) .
Standard bicarbonate buffer base (BB) and base excess (BE) are all terms which express the metabolic acid-base balance of the blood. In order to calculate those entitieswe used thenomogramof SiggaardAndersen and Engel (1960) . Instead of measuring the haemoglobin in our cord blood we used a mean of 16.7 g./ 100 ml. blood, a figure which was established in a previous study on 414 cord samples in this laboratory (Rooth and Sjostedt, 1957b) . This introduces an error in the calculations which, if the haemoglobin varies +4 g./100 ml.
blood from 16 7 g., will make about + 1.3 mEq/litre in BB, but scarcely any error in BE and standard bicarbonate.
As the cord blood contains a considerable amount of reduced haemoglobin which is more alkaline than oxyhaemoglobin, this must be taken into account and we have used the correction given by Siggaard Andersen and Engel (1960) according to which 10 g. of reduced haemoglobin increases the BB 0 3 mEq. The oxygen saturation has been calculated from the pH and pO2 measurements with the help of the dissociation curve for the foetal blood established by us (Rooth et al., 1959b) .
BB is the buffering protein of the blood + buffering bicarbonate. Henderson (1928) used this as an indicator of the metabolic acid base balance of the blood, but the term BB was introduced by Singer and Hastings (1948) .
Standard bicarbonate is another indicator of the metabolic status introduced by Astrup (1956) and Jorgensen and Astrup (1957 It will be observed that the pH is lower in the asphyxiated and meconium groups than in the normal cases (see also advancing gestation time, a fact which has been shown by us previously (Sjostedt et al., 1960) .
There is also a tendency for the pH to be lower in primigravidae than in multigravidae.
CARBON DIOXIDE TENSION. The distribution of the pCO2 values in the cord blood of the normal cases is shown in Fig. 3 . The mean values of PO2, pH and pCO2 are given in Table 2 Fig. 4 . The mean values for the metabolic acid base balance are shown in Table 2 . The number of pathological cases is small especially in the arteries. There is a metabolic acidosis in the infants asphyxiated after birth and in those with meconium stained amniotic fluid. The relation between the P02 and pCO2 in the umbilical vein and arteries is given in Fig. 5 Kaiser (1959) , in his review, states that no information is available about alkalosis in the umbilical cord blood. It is true that the figures so far discussed are those of a mild acidosis. It must be remembered, however, that this expression is used solely because the pH is lower than the conventionally given figure for adult arterial blood and that the term acidosis in this sense has no pathological significance. As seen from Fig. 1 Wulf (1959a) found eight with a pH higher than 7.40, i.e. about 20% of the total cases, as in the present series. The foetus cannot decrease its pCO2 and thereby increase the pH as the respiring individual does. The only way for the foetus to achieve this is if the pCO2 of the intervillous blood decreases, i.e. by hyperventilation of the mother.
This also occurs during labour and values of arterial maternal pCO2 of less than 30 mm. Hg have been found by Boutourline-Young and Boutourline- Young (1956) .
If the infant is asphyxiated the pH is reduced in the umbilical arteries and vein. This decrease in pH is first seen in the arteries (Table 2 ). In the umbilical vein the pH is reduced particularly in those cases showing definite signs of asphyxia after birth. The pH is then about 0 1 units lower than the normal mean. As seen in Table 4 , Eastman (1932) (Rooth and Sjostedt, 1957a) . As seen in Table 1 , there is a tendency for the pH to be lower in the cord blood of the primigravidae than in that of the multigravidae. As the pCO2
is the same, this could be explained by more difficult labour during which the mother and/or the foetus has increased production of lactic acid and other fixed acids.
Carbon Dioxide Tension. Tables 5 and 6 (Sjostedt et al., 1960 (Table 3) and it can be seen that in comparison with the umbilical vein, the umbilical artery has a metabolic acidosis (Table 3 and Fig. 4) . Expressed in BB the mean difference between the arteries and the vein is about 4-5 mEq/litre. This difference is a measure of the fixed acids which pass from the foetal to the maternal circulation. Once pulmonary ventilation starts after birth the BB of the arteries and the veins is similar to that in adult blood. Because of the error inherent in our way of estimating the metabolic acid base balance, the present series cannot be used for an exact determination of the normal values in cord blood, but the values are of the same order as those of James et al. (1958) .
As already shown by Eastman (1932) the slightly asphyxiated foetus compared with the normal foetus has no metabolic acidosis, whereas those with more pronounced asphyxia have low bicarbonate content as a sign of metabolic acidosis. These findings are confirmed and expressed in the more exact form of BB by James et al. (1958) .
Our material is small but the same tendency is present.
Summary
The cord blood of 222 infants has been analysed for pH, pCO2, P02 and metabolic acid base balance expressed as standard bicarbonate, BB and BE.
From the placenta 26 samples of intervillous blood have been analysed in the same way and the results are compared with the cord blood in order to show the gas exchange of the foetus.
The mean pH after normal delivery is 7-26 in the umbilical artery and 7-33 in the umbilical vein.
The mean pCO2 after normal delivery is 45 mm.
Hg in the umbilical artery and 38 mm. Hg in the vein.
The mean BB after normal delivery is 35 mEq/ litre in the umbilical artery and 39 mEq/litre in the vein, indicating that during the passage through the placenta the foetal blood gives up fixed acids to the maternal circulation.
In the intervillous blood of the placenta the mean pH is 7-41, the mean PCO2 38 mm. Hg and the mean BB 46 mEq/litre. The PCO2 in the umbilical vein and the intervillous space of the placenta are the same, 38 mm. Hg, indicating an almost complete exchange of carbon dioxide between the foetal and maternal circulation.
